This paper examines the long-term and short-term causal relationships between default risk and macroeconomic factors in Tunisia, by studying the time series stochastic behavior and cointegration in a set of Non-Performing Loans rate and macroeconomic variables. We consider the linkage in the global economy and in five sectors. This approach requires the construction of macroeconomic credit model providing the framework to perform assessing causal relationship between variable pairs to improve the capture of the relation between macroeconomic variables and probabilities of default for the main Tunisian sectors and which macroeconomic variables are important for each sector and the global economy.
Introduction
The recent global financial crisis motivates the regulatory authorities to rethink about the credit policy. Indeed, the global credit boom has been the main factor of the financial crisis. Then, the credit risk management tools have been inefficient in maintaining the financial stability. Many researches are made in modeling integration of credit and financial areas. But, the financial stability can't be managed by a model or industry, because it's more complex than a simple mathematical operation. The key motivation for this paper is to improve our understanding of the link between financial stability and economy as a tool for macro-prudential regulation in the Tunisian financial system
In the last decade, Macroeconomic credit risk models become a very useful tool for central banks for managing the banking system and the financial stability. Regulators want to know the likely default rate in the near future. Macroeconomic indices can indicate the future risk by modeling this relationship. These models help central bank to estimate the impact of introducing a prospective monetary policy or of macroeconomic shocks. But, this modeling is limited by the data unavailability in the less developed economies.
As the aggregate default rate is a good measure of the financial stance of the economy. Then, macroeconomic models can help with understanding the influence of macroeconomic changes on the default events.
The target of this paper was investigation of the possible approaches of default rate macro modeling in literature and application of a suitable model for the Tunisian economy. For this aim, we consider the possible long run relation for the default rate as reflected on its own logit transformation and the other macroeconomic variables in Tunisia by using cointegration analysis and precisely (Johansen, 1988) methodology for the aggregate economy and also for five specific sectors (agriculture, manufacturing, construction, service, tourism).
indebtedness is significant in certain sectors and in the global model. The oil price is also influencing in the majority of models excepting the agriculture model. This article follows up the other type of credit models based on macroeconomic credit risk modeling but few papers focus on developing these sort of macroeconomic models in a cointegrating manner.
Three main approaches can be distinguished within macroeconomic credit risk models. The first, traditional and frequently used in emerging economies where the capital market is insufficiently advanced, it is based on finding an empirical relationship between a dependent variable representing default rate and key macroeconomic indicators. The second approach is derived from the Merton structural model, the firm's default is related to a fall of borrower's return assets under some threshold Jakubik (2007) . The third method for modeling credit risk is to apply reduced form models that lie on the assumption that the default is a random event occurring by surprise at any time and it uses data on the corporate bonds and shares market prices as inputs. The reduced form approach has been used for credit risk by Jarrow, Lando and Turnbull (1995; 1997) ; Lando and Skødeberg (2002) ; Duffie, Saita and Wang (2007) ; Koopman et al. (2008) . The third model type can't be used for credit risk analysis in Tunisia, given its underdeveloped capital market.
We link this paper to aggregate study of the risk literature. Wilson (1997a; 1997b) establishes the originally principle of McKinsey's portfolio credit risk model (Credit Portfolio view); the default and migration probabilities are not independent of the business cycle. Nickell et al. (2000) investigate the dependence of rating transition probabilities on the state of the economy. Diebold, Kronimus, Schagen and Schuermann (2002) found that default intensities differ across different economic regimes. Allen and Saunders (2004) highlight the treatment of systemic risk factors in some credit risk models. Virolainen (2004) used the wilson's framework to find a significant relationship between corporate sector default rates and macroeconomic factors in Finland. Boss (2002) and Boss et al. (2006) try to improve the detection of the relation between macroeconomic variables and probabilities of default for the Austrian sectors. Pesaran et al. (2006) develop a global macroeconometric model allowing for the interdependencies between national and international factors in a Merton-type credit risk to assess the impact of macroeconomic variables on firm's probabilities of default. Koopman and Lucas (2005) model jointly the business failure of US firms and the macro-economic developments by a multivariate unobserved components approach to outline the dynamic link between credit risk factors and the real economy. Carling et al. (2007) combine the firm-specific variables and the macroeconomic conditions to better capture the appropriate default risk in Sweden. Jakubik (2007) extends Virolainen empirical default model to a latent factor model estimated for the aggregate economy to develop a macroeconomic credit model for the Czech economy. Duffie et al. (2007) develop a model for the term structure of credit risk as a function of a small number of structural and macro factors to a forecasting aim. Jakubik and Schmieder (2008) compare the macroeconomic determinants of default in Czech republic a transitionary country and Germany a developing country for corporate and household sectors of both countries by employing different specifications. Ali and Daly (2010) also compare between the importance of macroeconomic variables by two macroeconomic credit models applied respectively on Australia which is relatively immune from the recent global crisis and the USA the most affected by the GFC to highlight the financial system vulnerability in each two former countries. Tabak et al. (2011) show that macroeconomic variables effects on default probabilities in Brazil can be constructed in an economic sector system (Minimum Spanning Tree )to identify connections between sector's default probabilities and therefore to optimize the credit risk management. Figlewski et al. (2012) confirm that the explanatory power of a reduced form credit risk model significantly increase when adding macroeconomic factors into a specification with ratings-related variables explanatory power.
Meanwhile, few papers focus on a mutual relationship between macroeconomic conditions and credit risk and on catching long-run relationships between the variables studied as well as short-run fluctuations around these relationships. The mutual relationship between the macro-economic factors and credit risk is specially applied in practice in the CreditPortfolioView model and his empirical evidence is based on (Wilson, 1997a, b) .
Moreover, VAR can be applied for nonstatonarity time series if cointegration exists. It's a vector error correction model (VECM) which can detect long-run relationships between the variables studied as well as short-run fluctuations around these relationships. It also catches short-run fluctuations around these relationships and allows considering shared trends and feedback between series.
Many studies generally investigate the macroeconomic factors that induce credit risk. Borio and Lowe (2002) argue that excessive credit growth often precedes banking crisis as it is reflected by credit standards deterioration. Similar results can be found in Demirgüç-Kunt and Detragiache (2005) and Davis and Karim (2008) . Salas and Saurina (2002) find that GDP growth rate is a macroeconomic factor that explains credit risk in Spanish banks in addition to individual bank level variables. Furthermore, the study by Dimitrios et al. (2011) strongly suggests that macroeconomic variables, specifically the real GDP growth rate, the unemployment rate and the lending rates have a strong effect on the level of NPLs in the Greek financial sector. Fofack (2005) also explores the leading causes of nonperforming loans in Sub-Saharan Africa using causality and pseudo-panel models. He highlights a strong causality between non-performing loans and economic growth, inflation, real exchange rate appreciation, the real interest rate as macroeconomic variables.
The remainder of this paper is organized as follows. I explain the model choice and estimation technique in Section 2. Then, I discuss the components of the model, report results for aggregate measure of credit risk in Tunisia and, in addition, according to economic sectors and discuss their policy implications in Section 3. I conclude in Section 4.
Method
The procedures used for stationary testing, cointegration testing, and the ECM model estimation are described in detail in this section.
For the aim testing that dependent variable, default rate, defined as non-performing loans rate, is sensitive to macroeconomic variables in a mutual manner, we impose in a Wilson's model feedback effects between default rates and macroeconomic variables. Then, the relationships between default rates and macroeconomic factors are estimated jointly in a multivariate framework, in the manner that each variable may depend on its own lags and on each of the others variables. VAR is used to investigate the evolution and interdependencies between multiple time series time series. But VAR can additionally be applied for nonstatonarity time series if cointegration exists. It's a vector error correction model (VECM) which can detect long-run relationships between the variables studied as well as short-run fluctuations around these relationships.
Within this study, we refer to Wilson's specifications (1997a Wilson's specifications ( , 1997b in the Credit Portfolio View. It consists in:
i. An empirical model representing the default rate of a given sector by a logistic function:
Where y t is the sector-specific macroeconomic index at time t and calculated according to the following linear relation to n macroeconomic factors:
y t =β 0 +β 1 x 1,t +β 2 x 2,t +…+β n x n,t +u t Where x , (i= 1, …, n) denote the macroeconomic variables and β (i= 1,…, n) stand for the parameters to be estimated. These parameters determine the impact direction and extent that have the factors on the index. They are estimated by the former linear regression where errors terms are assumed to be independent, normally distributed ε ~N 0, σ .
ii. Another part of the equation system in Wilson's original specification is about the dynamics of the n macroeconomic variables which follow an autoregressive (AR) process of order q generalized as the following specification:
Where , , for j= 1, …, q and i= 1, …, n, are unknown coefficients to be estimated; for each i, , is an i.i.d error term.
Equations (i) and (ii) define the joint evolution of the economic performance, the associated default rates, and their error terms.
Once the coefficients 1, … are estimated, we can estimate the default probabilities on the basis of estimated macroeconomic index. Nevertheless, is not stationary. Thus, the macroeconomic index first difference is used in the estimation (∆ ). It results that:
But this equation system has weakness when equation (ii) doesn't include current and past values of y , that's why, we opt to a multivariate framework allowing for interdependence between macroeconomic factors and the default rate. If macroeconomic factors are nonstationary, a linear combination of them might be stationary, which is interpreted as a long-run equilibrium relationship called the cointegrating equation.
In the case of cointegration absence, Stationary processes can be analyzed using a simple VAR model. A n-variable VAR model of order p can be written as:
International Journal of Economics and Finance Vol. 6, No. 4; 2014 ∑ (4) where is an n×1 vector of macroeconomic factors and macroeconomic index series at time t, is a (n×m) matrix of coefficients relating series changes at lagged i period to current changes in series, is a (n×1) vector of constants, and is a (n×1) is a zero mean white noise vector process. According to this former equation, each of the n variables is a function of n lags of all variables, including itself, a constant and a contemporaneous error term.
If the variables in the vector Z, are integrated of order r, and are also cointegrated, then the VAR model in equation (4) is referred to as VEC at cointegration restriction has to be included. The VEC representation following Johansen and Juselius is the standard VAR in the first differences of Zt, augmented by the error correction terms ′ :
where,
, are (n×r) matrices, where r the number of cointegration relationships.
Matrix β is the cointegrating matrix of r cointegrating vectors, β 1 β 2 , ..., β i . The β vectors represent estimates of the long-run cointegrating relationship between the variables in the system. The error correction terms, β'Zt-1, are the mean reverting weighted sums of cointegrating vectors. Matrix α  includes information on the speed of adjustment, known as the adjustment parameters in the vector error correction model.
According to Johansen (1988) and Johansen and Juselius (1990) , testing the hypothesis on β can provide information on long-run structure, while testing the hypothesis on α and can identify the short-run relationships. The Johansen-Juselius (JJ) approach provides maximum likelihood estimates of α and β' through two statistics, the trace (trace  ) and maximum eigenvalue (max  ) test, that allow the number of cointegrating vectors determination.
We modeled and estimated economic sector-specific default rates to obtain a better default rate estimation than those obtained with an aggregate model.
Results

Data
The study employs quarterly time series data for the following factors (for 11 years, 2000Q1 to 2010 Q4):  The Default rate which is based on Non-Performing Loans/total loans. The quarterly default data is available for the global economy and for the following five sectors: (1) agriculture (AGR), (2) manufacturing (MAN), (3) construction (CON), (4) service (SERV) and (5) We consider many macroeconomic indicators that should have a significant impact on the default rate were selected. the expected sign between default rate and real GDP is negative.
•The reason for incorporating the indebtedness ratio debt-to-GDP-ratio as a variable is obvious. Indeed, the vulnerability of an economic sector depend on the extent of its indebtedness, it directly affects the burden of the debt. We use for each specific economic sector its relative corporate debt to GDP ratio. The hypothesis here is a positive relationship between the indebtedness in a sector and its relative level of default.
• We consider stock market index relevant in our model because it's a leading indicator for economic activity. If the Tunindex declines, the incentive to continue servicing the debt will weaken. Then, we supposed a negative relation between default rate and Tunindex in each model as the Merton's theory which predicts that the probability of default is negatively related to the stock market return.
• We hypothesize that greater the inflation, less is the default probabilities. But the negative impact of inflation on firm's default rate is less evident: inflation tends to improve the financial situation of debtors in the short run and ceteris paribus leads to a decrease of companies default rate (Jakubik, 2008) .
•As Tunisia is an importer of crude oil, our expectation is that a rise in this commodity price should increase the default probabilities in Tunisian economic sectors. Indeed, energy prices affect the price of most of the products used in the economic system.
•Interest rate should have positive impact on default probabilities; an increase in interest rates result in a prompt increase in the funding rates of the corporate and thus to a worsening of firm's ability to meet their financial obligation due to more expensive financial resources.
• We supposed that a stronger real effective exchange rate of the domestic currency should mean a greater default probability.
• Unemployment rate is expected to have a positive relationship with corporate default rate.
• An inflation targeting approach to monetary policy would cause the borrower's creditworthiness deterioration. Then, we suppose that an increase of money supply has a positive effect on default probability. . These donward trends are reflected in a prudential regulation improvement, financial sector opening to foreign investors and promoting the equity market in Tunisia. Default rate in agriculture and estate sector does not follow the other sectors evolution. They seem to converge in the end of observed data but there is significant difference since the beginning of the last decade. Increasing of default rates was important for industry and service sectors which reflects difficulties in these fields. 
Statistical Properties
Descriptive statistics are presented in Table 1 to Table 4 . The sample consists of macroeconomic indexes (global and by sector) or the logit transformation of the Non-Performing Loans rate, the money supply growth M1, the logarithm of the remaining macroeconomic variable considered in our data. The mean, standard deviation, skewness and excess kurtosis of the unconditional distribution of all the variables are computed. Vol. 6, No. 4; 2014 During the observed period, Service index shows the highest average probability of default, followed by the Industry index; while, the estate index corresponds to the lowest probability. Then, the riskiest sector is service, whereas, the estate sector is the least risky. The average key macroeconomic default shows normal distribution for global economy, industry and estate per the JB test. The estimates for skewness and kurtosis indicate that the agriculture, service and industry indexes deviate significantly from normality, suggesting a leptokurtic shape. Standard deviation of Service is higher than that of Tourism or Agriculture. Then, Considerable volatility and default risks are prevalent in the economy. Economy could face credit risk as suggested by the large negative maximum value. Otherwise, the large excess kurtosis suggests that extreme events prevail mainly in the tourism, service and agriculture sectors. Thus, whatever the minimum credit could be considerable; there is no consistent default probability for the economy. Credit Risk management is therefore useful for monetary authorities to prevent the risk exposure.
It also appears that, relatively to the sector, the probability of default increases with the real amount of GDP; whereas, it doesn't suit the corresponding mean of indebtedness.
Moreover, we note that during the observed period, service GDP shows the highest average followed by the industry GDP and the least one is the estate and the tourism sector. While, the tourism sector indebtedness is notably higher than other sectors followed by the industry one.
Estimation Technique
Data analysis covers a unit root test (test for stationarity) using the Augumented Dickey-Fuller (ADF). Then, we use the vector-autoregression (VAR) framework and analyse the existence of a long-run relationship using the co-integration test. We use the co-integration evaluation to establish if there is any long-run equilibrium relationship between the macroeconomic indexes representing specific default rates and macroeconomic factors by adopting the multivariate Error Correction Model (ECM) which follows the Johansen (1995) . If the variables are stationary, then VAR model may be adequate to explain the relationship. If the variables are integrated that is I(d), we must determine whether the model is cointegrating and hence may have an error correction specification (a linear combination of two or more non-stationary(with unit root) series may become stationary or I(0); the stationary linear combination may be interpreted as long-run equilibrium relationship between the variables.
Tests of Order of Integration
To determine the order of integration for the variables in the study, we choose to use the augmented Dickey-Fuller (ADF) and Phillips-Perron tests to examine the properties of variables. The results are presented in Table 5 for the level and first difference by taking into consideration the constant and trend in the series. At the level of the variables, the ADF statistics shows that the null hypothesis of non-stationary for M1, Inf, Unem, Lgdp and Lgdp is rejected, but for all other variables is not rejected at 5%. The null hypothesis of the same test is rejected for the first log difference of Tunix, Reer, I, Brent, the indebtedness and gdp of global economy and of each sector studied. Also, ADF rejects the null hypothesis for the first difference of global and sectorial macroeconomic index. Therefore, we can conclude that M1, Inf, and Unem Lgdp and Lgdp variables are stationary in levels and all other variables are stationary in first difference. 
Co-Integration Test
Since each variable of the study excepting M1, Inf and Unem, gdp and gdp contain in log level a unit root, they could be feasibly employed in the cointegration test. Then, we conduct Johanson-Juselius cointegration test (Johansen & Juselius, 1990) for common stochastic trend. The null hypothesis is that there is no cointegrating vector (rank=0), and the alternative hypothesis is that there is a single cointegrating vector (rank=1). The approach (Johansen, 1988) gives two likelihood ratios test, Trace Value and maximum Eigen Value, for detecting number of cointegrating vectors r. Results of both tests are reported in Table 6 , where r represents the cointegration rank. When applying the cointegration test on e-views, we choose the case 3 (assumption where the level data has a linear trend but the cointegrating equations have only intercepts). Additionally, Johansen's procedure requires estimating a VAR(p); the optimal number of lag p of the VAR is selected on the basis of both the Akaike Information Criterion (AIC) and the Schwarz Bayesian Information Criterion (SBIC). If empirical evidence of cointegration is found to exist between each macroeconomic key for default and the other macroeconomic variables, this will have important implications for the existence of a stable long-run relationship between movements in macroeconomic factors and changes in default rate over longer periods of time.
After, we combine all these stationary variables per sector and we find the following long-term relationships for each model, global and sectorial. The second step consists in capturing the short-run dynamics of each model through error correction mechanism.
Model for Agriculture Sector
As first step in the multivariate cointegration analysis, trace statistic recognized one cointegrating Vector that will be used in order to establish the long-run relationships among the agriculture variables. When we estimated the VAR with these variables in log form, the AIC selects a VAR model with 2 lags, while the SIC selects a model with 1 lags. We estimated the VAR(2) model selected by the SIC given that it is the more parsimonious in terms of coefficients to estimate. The results for Trace statistic is reported in Table 6 .
The cointegrating vector normalized on agriculture index y agr has coefficients estimated as shown in Table 7 . According to this long-run relationship, agriculture index ( ) shows significantly negative relation with indebtedness in agriculture sector ( ) in long-run which suggested that indebtedness increase worsens the default probability in this sector. The positive relationship between and agriculture gross domestic product is insignificant in the long-run. Normalized equation (6) showed that there is a significant positive relationship between and interest rate in one side and between and real effective exchange rate in other side. This implied that along with the increase in exchange rate, there was a positive extensive effect on non performing loans proportion in agriculture sector. Also, an increase in short-term interest rate aggravates the default rate in agriculture sector in long-term.
One further step of this study was the implementation of the ECM to capture the short-run relations and impacts of macroeconomic variables on default risk. The results of vector error correction model are reported in Table 7 . The results of vector error correction model (VECM) depicted that the error correction coefficient is significant with negative signs in , which imply short-term adjustments of this series by 58% in a quarter. Then, it took approximately 6 months (1/0.58) to eliminate the disequilibrium. Regarding the signs of the regression coefficients of the estimated models, we find that the default risk is negatively related to the real exchange rate www.ccsenet.org/ijef International Journal of Economics and Finance Vol. 6, No. 4; 2014 lagged two period at 10% significance level and positively related to the agriculture indebtedness in its second lag and to its own second lag. It also appears from the ECM a bidirectional causality between the agriculture sector NPL rate and its indebtedness level.
Model for Estate Sector
The results for Co-integration show that the null hypothesis of no cointegration cannot be accepted at 5% significance level and there exists one cointegration relationship among the estate sector default probability, the indebtedness in the same sector, the short term interest rate and the oil price:
y estate =0,2217-3,7734 LD estate -3,8872 Lir-1,9794 Then, the non performing loans rate in the estate sector share a long-term equilibrium relation with a set of macroeconomic variables. Lag 3 is chosen since the AIC indicates this value. From the selected long-term relationship, we estimate the dynamic equations in the form of error correction models that describe the dynamic short-term evolution of the former series.
The estimated coefficient of error-correction term in the y estate equation is statistically significant and has a negative sign, its relative value (-0.288129) shows the rate of convergence to the equilibrium state per quarter. Precisely, the speed of adjustment of any disequilibrium towards a long-run equilibrium is about 28,8%, that means adjusted approximately in one year. In addition, The ECM model for short-term fluctuations unveils:
-a significant unidirectional relation between and the third lag of the indebtedness in the estate sector Ldestate showing that an increase in the indebtedness is followed after three quarters by a decrease in the default rate. In the same time, the two lagged period the default rate affect negatively the indebtedness in short term at a 10% level of significance. This result shows that an increase in short-term interest rate is followed after 3 lags by an aggravation of the default rate. This situation doesn't remain in the long term. Indeed, an increase in Li induces the decrease of the default risk in the long-run. -a positive impact of a one lag delayed oil price on the estate default rate.
Model for Service Sector
Under the Johansen Cointegration Test, it could be said that there are cointegrated vectors (Table 8 The service sector default rate is affected in the long run by the GDP in service sector, a 10 point GDPserv increase cause a 8,6 point increase in the service sector index and consequently, a default risk increase in the service sector. While, the short term interest rate and oil price mitigate the default risk of the service sector. All these long term results are contrary to our hypothesis.
The Error correction mechanism provides a significant negative coefficient in y service, which shows that the disequilibrium is quickly corrected to reconcile the short-run and long-run behavior. In the short-run, we notice that a 10 point increase in first lag, in third lag short-term interest rate and in oil price first lag cause respective increases of 5,4 points, 31,6 points and 9,3 points increases in service sector index. That means an increase of service sector default rate in the short-term. We notice a significant positive effect of tourism indebtedness and brent oil price on the non-performing loans in tourism in long-term as the hypothesis stipulated; whereas, the interest rate has negative impact on the tourism credit risk, contrarily to the preliminary assumption.
In equation, the estimated coefficient of the error correction term is not statistically significant. It means the error term does not contribute in explaining the changes in tourism default rate. And, when estimating of the four variable VEC model chosen with Lag 2 according to the AIC test, we find that there exists an unidirectional causality from lagged one period to indebtedness, and lagged two period to interest rate in the short-run.
Model for Industry Sector
The trace test results show that yind , Lgdpind, Ldind, Li and Lbrent variables are cointegrated at 5% of significance. The long-run relationship between the variables is: =468,4333-62,5394 Lgdp ind -160,7330 LD ind -201,2026 Lir-72,7443 The long term coefficients results reveal that industrial production is not statistically significant. While, the sector indebtedness, the short-term interest rate and the oil prices have significant negative long run effect on industry default rate which is contrary to the study hypothesis.
Error Correction Representation of above long run relationship is reported in Table 11 which captures the short-run dynamics of relationship among macroeconomic variables and credit risk in industry. We note that the estimated coefficient of the error correction term y ind is negative and statistically significant at 5% level. Thus, the error correction term contributes in explaining the changes in industry default rate; in short term, there exist a bidirectional causality between and interest rate and a unidirectional causality from oil price to industry default risk. The Johansen cointegration test applied to the macroeconomic index, the indebtedness, the stock market index, the real effective exchange rate and the oil price series show that there is one long-term relationship:
y= -10,6723-1,1266 LD-0,5886 Ltunix+3,2069 Lreer+0,2403 In the long-run, a 10 point increase in the reer causes an increase of 2,4 point increase of y and then on the default rate. More, a 10 point increase in REER has a bigger effect of 32 point increase on y. While, an increase by 10 point of tunix diminishes the macroecomic index by 5,8 points, that means, the default rate will be better. But, contrarily to our hypothesis, indebtedness increase in the whole economy decreases the default rate level in the long-run.
In the second stage, the short-term relationships can be identified in an ECM model where the optimal lag length is 2 according to Akaike Information. The differenced ECM coefficient is negative and <1 in absolute value, then in case of disequilibrium in the short-run, the default rate returns quickly to its equilibrium path by just a 50% adjustment, or 6 months to return to equilibrium. We note also a unidirectional causality from key macroeconomic index y lagged one period to the stock market index in a negative manner.
Policy Implications
It's often difficult or impossible to foresee default rate in a developing country. That's why, we try to prevent default rate based on a macroeconomic credit risk model which can be used to perform the central bank analysis and policy in Tunisia. We applied separate models for global economy, estate, agriculture, industry, service and tourism relying on global and sectorial Non Performing Loans rate for the period 2000−2010. The findings uncover that the main drivers of credit risk are interest rate, specific indebtedness, oil price and real effective exchange rate. Following the 44 quarterly observations, it appears that the macroeconomic index and some macroeconomic variables were not found to be stationary separately, but when the analysis was conducted with these variables together, they were found to be cointegrated and they moved together in the long run. Then, it could be concluded that any changes for monetary policy will affect credit risk.
The results obtained suggest that there are long relationship at the global economy model and at each sector model, between the respective index and the Tunisian macroeconomic developments. Then, non-performing loans rates in Tunisian economy and its leading sectors are affected by macroeconomic variables in the long run. But, the variables involved differ according to the sector, which implies pursuing policy depending on the sector. Such that, the policy adopted on the agriculture default rate should proceed optimally on indebtedness in this sector, real effective exchange rate and interest rate. The estate sector model shows a cointegration vector between its sector index, its indebtedness, the short-run interest rate and the oil price. One possible policy suggestion knowing the negative relationship is to encourage granting loans for the estate corporate. The Johansen test indicates also a long-term relationship linking the non-performing rate in the service sector to the macroeconomic variables evolution of the interest rate and the oil price. We find cointegration relation in the tourism sector between the credit risk in this sector at one side and the tourism indebtedness, the interest rate and the oil price in the other side. It's recommended to review the indebtedness level reached for the service corporate. The industry sector shows also a long term relationship between the non-performing loans rate in this sector and its indebtedness, short term interest rate and the petroleum price. For the global economy model, the significative effect of global indebtedness, the stock market index, the real effective exchange rate and the oil price should be followed by monetary authority to prevent the total NPL rate.
The finding of cointegration or long-run equilibrium relationship among the variables used in the study is very important for the policy designers to provide a methodological and economic viewpoint. Therefore, policy makers should pay close attention to macroeconomic factors that positively affect credit risk.
Discussion
The aim of this paper was to provide a framework for assessing credit risk in Tunisian economy in terms of macroeconomic factors. The study applied macroeconomic credit risk modeling which can be used to perform www.ccsenet.org/ijef
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In the first step, separate models for global economy, estate, agriculture, industry, service and tourism sectors are constructed, relying on Non Performing Loans global rate and specific to each sector for the period 2000−2010 in quarter frequency.
Most of these series exhibit significant serial dependence and departures from normality and have unit roots.
The VECM methodology was chosen to examine this issue since it allows the identification of long-term relations of cointegration between the levels of non-stationary variables, taking into account the dynamic relationship between these variables.
The empirical results suggest that the main drivers of credit risk are indebtedness, real effective exchange rate and interest rate for agriculture sector; indebtedness, interest rate and oil price for estate sector; interest rate and oil price for service; indebtedness, interest rate and oil price for tourism; indebtedness, interest rate and oil price for industry; indebtedness, stock market return index, real effective exchange rate and Brent price for the whole economy.
The evidence of cointegration among these variables in the context of the whole Tunisian economy and five economic sectors such as agriculture, real estate, tourism, service and industry tends to suggest that these six macro-aggregates are bound together by long-term equilibrium relationship.
The findings for the study are mostly not consistent with the hypothesis in the long-term relationship. But, mostly consistent with the assumptions in a point of view of short-term relationship.
This finding of cointegration or long-run equilibrium relationship among all these variables is very important for the policy designers.
Therefore, monetary authorities should be careful in revision of interest rates as default rate responds to such decisions negatively in long-term and positively in short-run for the service, industry and estate sectors. Similarly, Tunisian Central Bank should also consider the impact of specific indebtedness on global and sectorial default rate as it has generally significant negative long-term relationship with the relative non-performing loans. The real effective exchange rate has with global non-performing rate a long-term relationship in a positive sense, then monetary authorities adopting flexible exchange rate should take into account this limit. Moreover, it appears that there is in one hand a negative cointegrating relationship among stock market index and global default rate and in the other hand, a positive one between the former variable and the oil price. Then, BCT should care of the tunix and the oil price evolution to prevent creditors reaction in the long-term.
Data limitations are the main restriction of the study. More, Error Correction Model methodology is sensitive to the choice of lag lengths. The ADF tests are sensitive too to the specification of the variables and the lag lengths used. But, it should be reminded that VECM yields more efficient estimators of cointegrating vectors.
Useful future contributions to the subject matter of this paper arise from the recent financial crisis in the form of several challenges facing macroeconomics and policy. Amongst the challenges are stress-tesing of macroeconomic models, improving our evaluation of various scenarios of macro-financial linkages and developing tools for macroprudential regulation. In fact, integrating these issues is at the leading edge of research in the area of integrating finance and macroeconomics.
